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© Pharmaceutical preparation controlled to release medicinal active Ingredient at targeted site In 
intestinal tract 



© A pharmaceutical preparation for oral administra- 
tion comprising 

(a) a core containing a medicinal active ingre- 
dient, 

(b) a press-coated layer comprising a pH-inde- 
^ pendently water-soluble polymer, said layer being 
^ provided around the core and 

(0 (c) a film comprising an enteric polymer, said film 
*■ being provided around the press-coated layer. In 
p. the pharmaceutical preparation of the present in- 
^ vention, the medicinal active ingredient is not 
CO released during residence in the stomach and, 
O after forwarded from the stomach, until reaching a 
targeted site in the intestine, and thereafter is 
ni quickly released, so that the medicinal active in- 
gredient is efficiently delivered to the targeted site 
in the intestinal tract. 
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The present invention relates to a pharmaceuti- 
cal preparation controlled to release a medicinal 
active ingredient at a targeted site in the gastroin- 
testinal tract, and more particularly to a pharma- 
ceutical preparation for oral administration from 
which a medicinal active ingredient can be selec- 
tively delivered to any specific site in the intestinal 
tract. 

Selective delivery of a medicinal active ingre- 
dient to a specific site in the intestinal tract has 
been desired in drug therapies, for instance, a local 
therapy for inflammatory disease in the intestinal 
tract such as ulcerative colitis or Crohn's disease, 
or an oral administrative therapy with a medicinal 
compound of a peptide which is apt to be de- 
composed chemically or enzymatically in the intes- 
tinal tract, with a medicinal compound of which the 
absorption site is limited, or with other medicinal 
compound. 

In order to efficiently realize the selective deliv- 
ery of a medicinal active ingredient to a specific 
site in the intestinal tract, it is necessary to design 
a pharmaceutical preparation taking into account 
the physical and physiological environment in the 
human gastrointestinal tract and the traveling time 
of the pharmaceutical preparation in the intestinal 
tract. With respect to the physical and physiologi- 
cal environment in the gastrointestinal tract, it is 
recognized that the value of pH in the stomach is 
usually 1 .8 to 4.5 in a healthy human and that the 
value of pH in the intestines is 6.5 to 7.5 and the 
pH does not essentially differ between the small 
intestine and the large intestine. According to the 
results of the widespread research of Davis et al. f 
the residence time of a pharmaceutical preparation 
in the human stomach is 0.5 to 10 hours and 
further not only the inter-individual variation thereof 
is large, but also the residence time is considerably 
influenced, for example, by feeding, a size of the 
pharmaceutical preparation to be administered and 
the like. However, the traveling time of a phar- 
maceutical preparation through the small intestine 
is generally recognized to be 3±1 hours and the 
inter- and intra-individual variation is relatively small 
(Journal of Controlled Release, 2, 27-38 (1985)). 

With respect to a method by which a medicinal 
active ingredient can be selectively delivered to a 
specific site in the intestinal tract, hitherto various 
researches have been done. There have been pro- 
posed a pharmaceutical preparation wherein a sus- 
tained release pharmaceutical preparation is coated 
with an enteric coating (Annals of the New York 
Academy of Science, 618, 428-440 (1991)), a phar- 
maceutical preparation obtained by utilizing a tech- 
nique for controlling the starting time of the release 
(Chemical & Pharmaceutical Bulletin, 40, 3036- 
3041 (1992)) and the like, as well as pharmaceuti- 
cal preparations obtained by using known tech- 



niques such as an enteric pharmaceutical prepara- 
tion and a sustained release pharmaceutical prep- 
aration. 

However, every conventional method has a 

5 problem such as insufficient site-selectivity or poor 
practicality due to peculiarity of the material to be 
used. For example, in case of using the enteric 
pharmaceutical preparation, the release of a me- 
dicinal active ingredient starts abruptly at the upper 

w small intestine resulting in consumption of almost 
of the medicinal active ingredient by absorption or 
decomposition before the medicinal active ingre- 
dient reaches the targeted site in the intestine, 
although the release of the medicinal active ingre- 

15 dient can be effectively suppressed in the stomach. 
In case of using the sustained release pharmaceuti- 
cal preparation, a considerable amount of a medici- 
nal active ingredient is released when the phar- 
maceutical preparation stays in the stomach and 

20 passes through the small intestine because the 
medicinal active ingredient is continuously re- 
leased. 

Further, in order to release a medicinal active 
ingredient at the large intestine, there has been 
25 recently developed a system utilizing the ec- 
osystem of specific microorganisms in the large 
intestine. For example, in a pharmaceutical prep- 
aration wherein a composition containing a medici- 
nal active ingredient is coated with a novel polymer 
30 having an azo group, or the composition containing 
a medicinal active ingredient is dispersed in the 
new polymer having an azo group to form a matrix 
type of pharmaceutical preparation (Science. 233, 
1081-1084 (1986)), the polymer is decomposed in 
35 the large intestine by enterobacteria having azo- 
reductase activity and the medicinal active ingre- 
dient is thereby released at the large intestine. 
However, for practical use, there are still many 
problems to be solved, for example, regarding the 
40 safety of the polymer itself, the controllability of the 
decomposition rate thereof, and the like. 

An object of the present invention is to solve 
the above-mentioned problems in the conventional 
pharmaceutical preparations, and to provide a phar- 
os maceutical preparation for oral administration by 
which a medicinal active ingredient can be effec- 
tively released at a targeted site in the intestinal 
tract. 

This and the other objects of the present inven- 
50 tion will become apparent from the description 
hereinafter. 

In accordance with the present invention, there 
is provided a pharmaceutical preparation for oral 
administration comprising 
55 (a) a core containing a medicinal active ingre- 
dient, 

(b) a press-coated layer comprising a pH-in- 
dependently water-soluble polymer, said layer 
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being provided around the core and 
(c) a film comprising an enteric polymer, said 
film being provided around the press-coated lay- 
er. 

The pharmaceutical preparation of the present 
invention has the following characteristics: when 
the pharmaceutical preparation is orally adminis- 
tered, the release of a medicinal active ingredient 
does not occur at all during residence of the phar- 
maceutical preparation in the stomach and, after 
discharge from the stomach, until the preparation 
reaches a desirable targeted site in the intestine 
and thereafter, the release of the ingredient starts 
rapidly. In case of using a medicinal active ingre- 
dient as a drug required to be selectively delivered 
to a specific site in the intestinal tract, an excellent 
pharmaceutical preparation having high availability 
can be provided. 

Fig. 1 is a graph showing the result of the 
dissolution test with the first fluid and the second 
fluid of the dissolution test in Japanese Pharmaco- 
poeia XII (hereinafter referred to as JPXII) using a 
pharmaceutical preparation in Example 1 . 

Fig. 2 is a graph showing the result of the 
dissolution test with the second fluid of the dissolu- 
tion test in JPXII using a pharmaceutical prepara- 
tion after immersing in the first fluid of the dissolu- 
tion test in JPXII for a certain time in Experimental 
Example 1. 

Fig. 3 is a graph showing the result of the 
dissolution test with the second fluid of the dissolu- 
tion test in JPXII using three kinds of pharmaceuti- 
cal preparations having different coating amounts 
of the press-coated layer in Experimental Example 
2. 

The present invention provides a pharmaceuti- 
cal preparation from which a medicinal active in- 
gredient can be selectively released at a targeted 
site in the intestinal tract, by combining an enteric 
polymer, which dissolves dependent on a value of 
pH, and a press-coated layer comprising a pH- 
independently water-soluble polymer. In the phar- 
maceutical preparation of the present invention, the 
concrete structure thereof can be suitably selected 
so that a medicinal active ingredient can be re- 
leased at the desirable targeted site in the intestinal 
tract. 

In the pharmaceutical preparation of the 
present invention, the functions of the film (c) com- 
prising an enteric polymer are to prevent the pene- 
tration of water during residence of the pharmaceu- 
tical preparation in the stomach so that the con- 
tents [core (a) and press-coated layer (b)] thereof 
can be protected, and to quickly dissolve according 
as the surrounding pH increases after discharge of 
the pharmaceutical preparation from the stomach 
so that the contents are forwarded to the upper 
small intestine. The press-coated layer (b) perfectly 



prevents the penetration of water into the core (a), 
unless the press-coated layer (b) dissolves, and 
therefore the press-coated layer (b) suppresses the 
release of the medicinal active ingredient in the 
s intestine after discharge of the pharmaceutical 
preparation from the stomach. Namely, the press- 
coated layer (b) is capable of suppressing the 
release of the medicinal active ingredient in the 
intestine until the pharmaceutical preparation 

w reaches near the desirable targeted site. 

In order to sufficiently exhibit the above-men- 
tioned capacity in the pharmaceutical preparation 
of the present invention, it is desirable to determine 
the coating amount of the film (c) so that the 

15 pharmaceutical preparation has sufficient acid re- 
sistance and the film (c) prevents the penetration of 
water into the pharmaceutical preparation during 
residence in the stomach. It is also desirable to 
determine the time required for dissolution of the 

20 press-coated layer (b) in the intestine so that the 
press-coated layer (b) can substantially suppress 
the release of the medicinal active ingredient until 
the pharmaceutical preparation reaches near the 
desirable targeted site in the intestine. 

25 From the above-mentioned viewpoints, it is de- 
sirable that the coating amount of the film (c) is 
usually determined so that the film (c) prevents the 
penetration of water during residence in the stom- 
ach for a period of about 10 hours which is recog- 

30 nized as the maximum residence time of a phar- 
maceutical preparation in the stomach, and that in 
case of targeting the upper large intestine, the 
coating amount of the press-coated layer (b) is 
determined so that the press-coated layer (b) can 

35 suppress the release of a medicinal active ingre- 
dient in the intestines for about 3±1 hours which is 
recognized as a general traveling time of a phar- 
maceutical preparation through the small intestine. 
The pharmaceutical preparation of the present 

40 invention can be suitably designed so that when a 
dissolution test is carried out according to the 
dissolution test (puddle method; 37 •C; 100 rpm; 
900 mi of dissolution fluid) of JPXII (refer to Exam- 
ple 1), release of a medicinal active ingredient is 

45 substantially suppressed for at least 10 hours in the 
first fluid (pH 1.2), and the release of the medicinal 
active ingredient is substantially suppressed for at 
least about 2 hours in the second fluid (pH 6.8) and 
thereafter the release of the medicinal active ingre- 

50 dient starts quickly. The time required to start the 
release of the medicinal active ingredient 
(hereinafter referred to as "lag-time") in the second 
fluid is set to meet the desired target-site in the 
intestinal tract. For example, in case that the phar- 

55 maceutical preparation of the present invention is 
designed to have the lag-time of about 2 hours, 
about 4 hours or about 7 hours, there can be 
obtained a pharmaceutical preparation wherein re- 
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lease of a medicinal active ingredient is intended to 
occur at the lower ileum, the ascending colon or 
the transverse colon. If the pharmaceutical prepara- 
tion of the present. invention is designed to have 
the lag-time being longer than about 7 hours, there 
can be obtained a pharmaceutical preparation 
wherein release of a medicinal active ingredient is 
intended to occur at the lower large intestine such 
as the descending colon or the sigmoid colon. 

The medicinal active ingredient to be included 
in the above-mentioned core (a) in the present 
invention is not particularly limited as long as it is 
orally administerable. Concrete examples of such 
medicinal active intredient include 
chemotherapeutic agents, antibiotics, respiratory 
stimulants, antitussives, expectorants, antimalignan- 
ttumor agents, autonomic agents, psychotropic 
agents, local anesthetics, muscle relaxants, agents 
affecting digestive organs, antihistamines, tox- 
icopetic agents, hypnotics, sedatives, antiepileptics, 
antipyretics, analgesics, antiinflammatory agents, 
cardiotonics, antiarrhythmic agents, diuretics, 
vasodilators, antilipemic agents, nutrients, tonics, 
alteratives, anticoagulants, agents for liver disease, 
hypoglycemics, antihypertensives and the like. 

The amount of the medicinal active ingredient 
to be included in the core (a) may be determined 
to be about 0.2 to about 100 w/w %, preferably 0.5 
to 50 w/w %, based on a weight of the core (a). 

As the pH-independently water-soluble polymer 
used for the press-coated layer (b), any film-form- 
able polymer usually used in this field which is 
soluble in an aqueous medium without being influ- 
enced by a pH of the aqueous medium can be 
used. In the present invention, the pH-indepen- 
dently water-soluble polymer may be used alone or 
in admixture thereof. If necessary, the pH-indepen- 
dently water-soluble polymer may be used in ad- 
mixture with a water-insoluble polymer, such as 
ethylcellulose. 

Examples of the pH-independently water-solu- 
ble polymer include a cellulose derivative such as 
hydroxypropylcellulose, hydroxypropylmethylcel- 
lulose, methylcellulose, hydroxyethylcellulose or 
methylhydroxyethylcellulose, a synthetic polymer 
such as polyvinylpyrrolidone, a polysaccharide 
such as pullulan, a natural high molecular sub- 
stance such as arabic gum, and the like. 

Among the above-mentioned examples, a cel- 
lulose derivative such as hydroxypropylcellulose, 
hydroxy propyl methylcellulose, methylcellulose or 
hydroxyethylcellulose, and pullulan are preferable. 
Hydroxypropylcellulose and hydroxypropylmethyl- 
cellulose are more preferable, and hydroxypropyl- 
cellulose is particularly preferable. 

Some kinds of the above-mentioned pH-inde- 
pendently water-soluble polymers have a different 
polymerization degree. The viscosity of the poly- 



mer is different depending on a polymerization 
degree of the substance. In the present invention, 
the pH-independently water-soluble polymer having 
any viscosity, i.e. polymerization degree, can be 
5 used alone or in admixture of at least two polymers 
having different viscosities from each other. 

For example, in case of using a hydroxypropyl- 
cellulose as the pH-independently water-soluble 
polymer, two kinds of hydroxypropylcelluloses hav- 

10 ing a viscosity of 6 to 10 cps and a viscosity of 150 
to 400 cps, respectively, as measured in a 2 % 
aqueous solution at 20 • C may be used alone or in 
admixture thereof. An example of the hydrox- 
ypropylcellulose having a viscosity of 6 to 10 cps 

15 as measured in a 2 % aqueous solution at 20* C, is 
HPC-L (trade name, available from Nippon Soda 
Co., Ltd.). An example of the hydroxypropylcel- 
lulose having a viscosity of 150 to 400 cps as 
measured in a 2 % aqueous solution at 20 * C , is 

20 HPC-M (trade name, available from Nippon Soda 
Co., Ltd.). A hydroxypropylcellulose having the 
above-mentioned viscosity can be suitably used in 
admixture thereof by determining the mixing ratio 
to be about 9: 1 to about 1 : 9 by weight. 

25 As an enteric polymer used for the film (c), any 
film-formable polymer soluble in an aqueous me- 
dium of a pH of not less than 5 and insoluble in an 
aqueous medium of a pH of less than 5 can be 
used in the pharmaceutical preparation of the 

30 present invention. Examples of such polymer in- 
clude a cellulose derivative, a polyvinyl derivative, 
a maleic acid-vinyl compound copolymer, an acryl- 
ic copolymer and the like. 

Concrete examples of the cellulose derivative 

35 include carboxymethylethylcelfuiose, cellulose ace- 
tate phthalate, cellulose acetate succinate, methyl- 
cellulose phthalate, hydroxymethylethylcellulose 
phthalate, hydroxypropylmethylcellulose phthalate, 
hydroxypropylmethylcellulose acetate succinate 

ao and the like. Concrete examples of the polyvinyl 
derivative include polyvinyl alcohol phthalate, poly- 
vinyl butylate phthalate, polyvinyl acetoacetal 
phthalate and the like. Concrete examples of the 
maleic acid-vinyl compound copolymer include 

« polyvinyl acetate,' maleic acid anhydride), poly- 
vinyl butyl ether, maleic acid anhydride), poly- 
styrene, maleic acid monoester), and the like. 
Concrete examples of the acrylic copolymer in- 
clude poly(methyl acrylate, methacrylic acid), poly- 

50 (styrene, acrylic acid), poly(methyl acrylate, 
methacrylic acid, octyl acrylate), poly(methacrylic 
acid, methyl methacrylate) (e.g. Eudragit L and 
Eudragit S, each being trade name, available from 
Rohm Pharma, Germany), and the like. 

55 Among these examples, carboxymethylethyl- 
cellulose, hydroxypropylmethylcellulose phthalate, 
hydroxypropylmethylcellulose acetate succinate, 
poly(methacrylic acid, methyl methacrylate) and 
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the like are preferably used as the enteric polymer, 
and particularly carboxymethylethylcellulose, 
hydroxypropylmethylcellulose phthalate and 
hydroxypropylmethylcellulose acetate succinate are 
preferable. The above-mentioned enteric polymer 
can be used alone or in admixture thereof. 

Additionally, in the above-mentioned core (a), 
the press-coated layer (b) and the film (c) of the 
pharmaceutical preparation of the present inven- 
tion, various additives such as an excipient, a bind- 
er, a disintegrant, a lubricant and an aggregation- 
preventing agent which are generally used in this 
field may be included, if desired. 

Concrete examples of the excipient include 
saccharide such as sucrose, lactose, mannitol or 
glucose, starch, crystalline cellulose, calcium phos- 
phate, calcium sulfate and the like. Concrete exam- 
ples of the binder include polyvinylalcohol, 
polyacrylic acid, polymethacrylic acid, polyvinylpyr- 
rolidone, glucose, sucrose, lactose, maltose, dex- 
trin, sorbitol, mannitol, hydroxyethylcellulose, 
hydroxypropylmethylcellulose, hydroxypropylcel- 
lulose, a polyethyleneglycol, arabic gum, gelatin, 
agar, starch and the like. Concrete examples of the 
disintegrant include calcium carboxymethylcel- 
lulose, sodium carboxymethylstarch, corn starch, 
hydroxypropylstarch, partially pregelatinized starch, 
low-substituted hydroxy propylcel lulose, polyvinyl- 
pyrrolidone, calcuim cross-linked carboxymethyl- 
cellulose and the like. Concrete examples of the 
lubricant and the aggregation-preventing agent are, 
for example, talc, magnesium stearate, calcium 
stearate, colloidal silicon dioxide, stearic acid, a 
wax, a hydrogenated oil, a polyethyleneglycol, so- 
dium benzoate and the like. 

The lag-time, the time required until the re- 
lease of the medicinal active ingredient starts in the 
intestine or in the second fluid (pH 6.8) described 
in JPXII, can be controlled by varying the press- 
coated layer (b) as below. For exmaple, if the 
amount of the press-coated layer (b) is increased 
(or decreased), the lag-time can be prolonged (or 
reduced). In case that the coating amount of the 
press-coated layer (b) is almost constant, if a pH- 
independently water-soluble polymer having larger 
(or smaller) polymerization degree, i.e. viscosity, is 
used for the press-coated layer (b), the lag-time 
can be prolonged (or reduced). Moreover, in case 
that two or more kinds of the pH-independently 
water-soluble polymer having different viscosities 
are used in admixture thereof, the lag-time can be 
also varied according to the mixing ratio. Namely, 
the lag-time in the pharmaceutical preparation of 
the present invention can be suitably controlled to 
be a desired length by employing a proper com- 
bination of the coating amount of the press-coated 
layer (b), the kind and viscosity of the pH-indepen- 
dently water-soluble polymer, the mixing ratio, and 



the like. 

The dosage form of the pharmaceutical prep- 
aration of the present invention is preferably a 
tablet. The size of the pharmaceutical preparation 
5 is not particularly limited, however, the diameter 
thereof is preferably 4 to 16 mm, more preferably 6 
to 12 mm. 

The form of the core (a) is preferably a tablet. 
The size of the core (a) is not particularly limited, 

io however, the diameter thereof is preferably 3 to 15 
mm, more preferably 5 to 8 mm. 

In the pharmaceutical preparation of the 
present invention, the thickness of the press-coated 
layer (b) can be selected without any limitation. 

75 The thickness of the press-coated layer (b) is usu- 
ally determined to be 0.4 to 3 mm, preferably 0.5 
to 1 .5 mm. The coating amount of the press-coated 
layer (b) corresponding to the above-mentioned 
thickness, varying according to the size of the core 

20 (a), is usually about 150 to about 600 w/w %, 
preferably 200 to 400 w/w % based on a weight of 
the core (a). 

The coating amount of the film (c), varying 
according to the enteric polymer used, is usually 

25 about 5 to about 50 w/w %, preferably 7 to 20 w/w 
%, based on a total weight of the core (a) and the 
press-coated layer (b). 

The preparation of the core (a) can be carried 
out according to the usual procedure for the prep- 

30 aration, for example, as described in Lemingtons 
Pharmaceutical Sciences, 17, (Mack Publishing 
Company, published in 1985). For example, in case 
of preparing a tablet as a core, the tablet can be 
obtained by tabletting a medicinal active ingredient 

35 alone, or if necessary, in admixture with other suit- 
able additives such as an excipient, a binder and a 
lubricant. If necessary, the above-mentioned me- 
dicinal active ingredient or mixture is granulated 
according to a usual method before the tabletting 

40 process. 

The press-coating to form the press-coated 
layer (b) around the core (a) is carried out accord- 
ing to a usual method in this field, for instance, a 
compression molding method such as a press- 

45 coating method or a dry coating method, and the 
like. For example, the press-coated layer can be 
formed by press-coating the core (a) with a pH- 
independently water-soluble polymer alone, or if 
necessary, in admixture with other suitable ad- 

50 ditives such as an excipient, a binder, a lubricant 
and a fluidizing agent. If necessary, the above- 
mentioned polymer or mixture is granulated ac- 
cording to a usual method before the press-coating 
process. Then, the press-coated layer is provided 

55 on the core. The press-coating can be suitably 
carried out by means of a press-coating machine 
or a tabletting machine generally used, under the 
conditions such that the compressing pressure is, 
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for instance, 200 to 1200 kg/cm 2 and the com- 
pressing rate is 1 to 20 mm/minute. 

The coating of the press-coated layer (b) with 
the film (c) can be carried out according to a 
process usually used in this field such as a fluidiz- 
ing coating process, a pan coating process or a 
tumbling and fluidizing coating process, by means 
of, for example, a fluidizing coating apparatus, a 
pan coating apparatus, a tumbling and fluidizing 
coating and granulating apparatus or the like. Both 
an aqueous coating method and a non-aqueous 
coating method generally used in this field can be 
employed for the above-mentioned coating. In ad- 
dition, a plasticizer, an aggregation-preventing 
agent and the like which are usually used can be 
suitably added to the coating solution. Alternatively, 
the coating with the film (c) can be carried out by 
the press-coating process as mentioned above. 

The present invention is more specifically de- 
scribed and explained by means of the following 
Examples and Experimental Examples. It is to be 
understood that the present invention is not limited 
to the Examples, and various changes and modi- 
fications may be made in the invention without 
departing from the spirit and scope thereof. 

Example 1 

Diltiazem hydrochloride (300 g) and corn starch 
(200 g) were mixed together. The mixture was 
granulated according to a wet granulation method 
using a binding solution (180 g) of polyvinylpyr- 
rolidone (trade name: Kollidon 30, available from 
BASF) (90 g) dissolved in ethanol (90 g). The 
obtained granules were dried and shieved to obtain 
granules for tabletting (585 g). A part of thus ob- 
tained granules lor tabletting (530 g), calcium ci- 
trate (120 g), calcium carboxymethylcellulose 
(trade name: ECG-505, available from Gotoku 
Chemical Co., Ltd.) (40 g) and magnesium stearate 
(10 g) were mixed together. The mixture was 
tabletted by means of a rotary tabletting machine 
(F-9 Type, made by Kikusui Seisakusho Ltd.) to 
obtain a plain tablet (a core tablet) having a diam- 
eter of 6 mm and a weight of 70 mg. 

The obtained plain tablet was press-coated 
with a mixture of powder of hydroxypropy (cellulose 
(trade name: HPC-L, having a viscosity of 6 to 10 
cps as measured at 20* C in a 2 % aqueous 
solution, available from Nippon Soda Co., Ltd.), and 
hydroxypropylcellulose (trade name: HPC-M, hav- 
ing a viscosity of 150 to 400 cps as measured at 
20 *C in a 2 % aqueous solution, available from 
Nippon Soda Co., Ltd.) (the mixing ratio, by weight 
(w/w) (hereinafter referred to as "the mixing ratio") 
9:1) in a coating amount of 200 mg per tablet by 
means of a press-coating machine (Correct 
18HUK-DC Type, made by Kikusui Seisakusho 



Ltd.) to obtain a press-coated tablet having a diam- 
eter of 9 mm and a weight of 270 mg. 

Then, the obtained press-coated tablet was 
spray-coated with a 8 w/w % coating solution of 

5 hydroxypropylmethylcellulose acetate succinate 
(trade name: HPMCAS-M, available from The Shin- 
etsu Chemical Co., Ltd.) and triethyl citrate (the 
mixing ratio, 10:1) dissolved in 80 w/w % ethanol, 
in a coating amount of 30 mg per tablet by means 

ro of a fiuidized bed coating apparatus (MODEL HCT- 
MINI HICOATER, made by Freund Ind. Co., Ltd.) to 
obtain a pharmaceutical preparation of the present 
invention. 

With respect to thus obtained pharmaceutical 

75 preparation of the present invention, a dissolution 
test (puddle method) was carried out with the first 
fluid of the test in JPXII (pH 1.2) and the second 
fluid of the test in JPXII (pH 6.8) according to the 
description of the dissolution test in JPXII. The 

20 dissolution test was carried out using 900 ml of 
the dissolution fluid at 37 *C and at the rotation 
speed of 100 rpm. 

The results of the test is shown in Fig. 1. As it 
is clear from the dissolution pattern of diltiazem 

25 hydrochloride being a medicinal active ingredient, 
in the first fluid, the medicinal active ingredient was 
not released at all for long time (at least 12 hours), 
which means that the acid resistance of the phar- 
maceutical preparation was maintained sufficiently. 

30 In the second fluid, the medicinal active ingredient 
was quickly released after the lag-time of about 3 
hours in a pulsatile dissolution pattern. 

Example 2 

35 

The plain tablet containing diltiazem hydrochlo- 
ride obtained in Example 1 was press-coated with 
a mixture of powder of hydroxypropylcellulose 
(trade name: HPC-L, having a viscosity of 6 to 10 

40 cps as measured at 20* C in a 2 % aqueous 
solution, available from Nippon Soda Co., Ltd.) and 
hydroxypropylcellulose (trade name: HPC-M, hav- 
ing a viscosity of 150 to 400 cps as measured at 
20 *C in a 2 % aqueous solution, available from 

45 Nippon Soda Co., Ltd.) (the mixing ratio, 8:2) in a 
coating amount of 200 mg per tablet by means of a 
press-coating machine (Correct 18HUK-DC Type, 
made by Kikusui Seisakusho Ltd.) to obtain a 
press-coated tablet having a diameter of 9 mm and 

50 a weight of 270 mg. 

Then, the obtained press-coated tablet was 
spray-coated with a 8 w/w % coating solution of 
hydroxypropylmethylcellulose acetate succinate 
(trade name: HPMCAS-M, available from The Shin- 

55 etsu Chemical Co., Ltd.) and triethyl citrate (the 
mixing ratio, 10:1) dissolved in 80 w/w % ethanol, 
in a coating amount of 30 mg per tablet by means 
of a fiuidized bed coating apparatus (MODEL HCT- 
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MINI HICOATER, made by Freund Ind. Co., Ltd.) to 
obtain a pharmaceutical preparation of the present 
invention. 

With respect to thus obtained pharmaceutical 
preparation of the present invention, a dissolution 
test was carried out with the second fluid of the 
test in JPXIt under the same conditions in Example 
1. In the second fluid, the medicinal active ingre- 
dient was quickly released after the lag-time of 
about 5 hours. 

Example 3 

The plain tablet containing diltiazem hydrochlo- 
ride obtained in Example 1 was press-coated with 
a mixture of powder of hydroxypropylcellulose 
(trade name: HPC-L, having a viscosity of 6 to 10 
cps as measured at 20* C in a 2 % aqueous 
solution, available from Nippon Soda Co., Ltd.) and 
hydroxypropylcellulose (trade name: HPC-M, hav- 
ing a viscosity of 150 to 400 cps as measured at 
20 *C in a 2 % aqueous solution, available from 
Nippon Soda Co., Ltd.) (the mixing ratio, 6:4) in a 
coating amount of 200 mg per tablet by means of a 
press-coating machine (Correct 18HUK-DC Type, 
made by Kikusui Seisakusho Ltd.) to obtain a 
press-coated tablet having a diameter of 9 mm and 
a weight of 270 mg. 

Then, the obtained perssrcoated tablet was 
spray-coated with a 8 w/w % coating solution of 
hydroxypropylmethylcellulose acetate succinate 
(trade name: HPMCAS-M, available from Th8 Shin- 
etsu Chemical Co., Ltd.) and triethyl citrate (the 
mixing ratio. 10:1) dissolved in 80 w/w % ethanol, 
in a coating amount of 30 mg per tablet by means 
of a fluidized bed coating apparatus (MODEL HCT- 
MINI HICOATER, made by Freund Ind. Co., Ltd.) to 
obtain a pharmaceutical preparation of the present 
invention. 

With respect to thus obtained pharmaceutical 
preparation of the present invention, a dissolution 
test was carried out with the second fluid of the 
test in JPXII under the same conditions in Example 
1. In the second fluid, the medicinal active ingre- 
dient was quickly released after the lag-time of 
about 8 hours. 

Example 4 

5-Aminosalicylic acid (300 g) and corn starch 
(200 g) were mixed together. The mixture was 
granulated according to a wet granulation method 
using a binding solution (180 g) of polyvinylpyr- 
rolidone (trade name: Kollidon 30, available from 
BASF) (90 g) dissolved in ethanol (90 g). The 
obtained granules were dried and shieved to obtain 
granules for tabletting (585 g). A part of thus ob- 
tained granules for tabletting (530 g), calcium ci- 



trate (120 g), calcium carboxymethylcellulose 
(trade name: ECG-505, available from Gotoku 
Chemical Co., Ltd.) (40 g) and magnesium stearate 
(10 g) were mixed together. The mixture was 

5 tabletted by means of a rotary tabletting machine 
(F-9 Type, made by Kikusui Seisakusho Ltd.) to 
obtain a plain tablet (a core tablet) having a diam- 
eter of 6 mm and a weight of 70 mg. 

The obtained plain tablet was press-coated 

10 with a mixture of powder of hydroxypropylcellulose 
(trade name: HPC-L, having a viscosity of 6 to 10 
cps as measured at 20* C in a 2 % aqueous 
solution, available from Nippon Soda Co., Ltd.) and 
hydroxypropylcellulose (trade name: HPC-M, hav- 

75 ing a viscosity of 150 to 400 cps as measured at 
20 *C in a 2 % aqueous solution, available from 
Nippon Soda Co., Ltd.) (the mixing ratio, 9:1) in a 
coating amount of 200 mg per tablet by means of a 
press-coating machine (Correct 18HUK-DC Type, 

20 made by Kikusui Seisakusho Ltd.) to obtain a 
press-coated tablet having a diameter of 9 mm and 
a weight of 270 mg. 

Then, the obtained press-coated tablet was 
spray-coated with a 8 w/w % coating solution of 

25 hydroxypropylmethylcellulose acetate succinate 
(trade name: HPMCAS-M, available from The Shin- 
etsu Chemical Co., Ltd.) and triethyl citrate (the 
mixing ratio, 10:1) dissolved in 80 w/w % ethanol, 
in a coating amount of 30 mg per tablet by means 

30 of a fluidized bed coating apparatus (MODEL HCT- 
MINI HICOATER, made by Freund Ind. Co., Ltd.) to 
obtain a pharmaceutical preparation of the present 
invention. 

With respect to thus obtained pharmaceutical 
35 preparation of the present invention, a dissolution 
test was carried out with the second fluid of the 
test in JPXII under the same conditions in Example 
1. In the second fluid, the medicinal active ingre- 
dient was quickly released after the lag-time of 
40 about 3 hours. 

Example 5 

The plain tablet containing 5-aminosalicylic 
45 acid obtained in' Example 4 was press-coated with 
a mixture of powder of hydroxypropylcellulose 
(trade name: HPC-L, having a viscosity of 6 to 10 
cps as measured at 20 *C in a 2 % aqueous 
solution, available from Nippon Soda Co., Ltd.), 
so hydroxypropylcellulose (trade name: HPC-M, hav- 
ing a viscosity of 150 to 400 cps as measured at 
20 *C in a 2 % aqueous solution, available from 
Nippon Soda Co., Ltd.) and lactose (the mixing 
ratio, 3:2:2) in a coating amount of 200 mg per 
55 tablet by means of a press-coating machine (Cor- 
rect 18HUK-DC Type, made by Kikusui Seisakusho 
Ltd.) to obtain a press-coated tablet having a diam- 
eter of 9 mm and a weight of 270 mg. 
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Then, the obtained press-coated tablet was 
spray-coated with a 8 w/w % coating solution of 
carboxymethylethylcellulose (trade name: CMEC, 
available from Freund Industrial Co., Ltd.) and 
triacetin (the mixing ratio, 10:1) dissolved in 80 w/w 
% ethanol, in a coating amount of 30 mg per tablet 
by means of a fluidized bed coating apparatus 
(MODEL HCT-MINI HICOATER, made by Freund 
Ind. Co., Ltd.) to obtain a pharmaceutical prepara- 
tion of the present invention. 

With respect to thus obtained pharmaceutical 
preparation of the present invention, a dissolution 
test was carried out with the second fluid of the 
test in JPXII under the same conditions in Example 
1. In the second fluid, the medicinal active ingre- 
dient was quickly released after the lag-time of 
about 5 hours. 

Example 6 

The plain tablet containing 5-aminosalicylic 
acid obtained in Example 4 was press-coated with 
hydroxypropylmethylcellulose (trade name: 
Metolose 60SH-400, available from The Shin-etsu 
Chemical Co., Ltd.) in a coating amount of 200 mg 
per tablet by means of a press-coating machine 
(Correct 18HUK-DC Type, made by Kikusui 
Seisakusho Ltd.) to obtain a press-coated tablet 
having a diameter of 9 mm and a weight of 270 
mg. 

Then, the obtained press-coated tablet was 
spray-coated with a 8 w/w % coating solution of 
hydroxypropylmethylcellulose phthalate (trade 
name: HPMCP, available from The Shin-etsu 
Chemical Co., Ltd.) dissolved in 80 w/w % ethanol, 
in a coating amount of 30 mg per tablet by means 
of a fluidized bed coating apparatus (MODEL HCT- 
MINI HICOATER, made by Freund Ind. Co., Ltd.) to 
obtain a pharmaceutical preparation of the present 
invention. 

With respect to thus obtained pharmaceutical 
preparation of the present invention, a dissolution 
test was carried out with the second fluid of the 
test in JPXII under the same conditions in Example 
1. In the second fluid, the medicinal active ingre- 
dient was quickly released after the lag-time of 
about 4 hours. 

Example 7 

The plain tablet containing 5-aminosalicylic 
acid obtained in Example 4 was press-coated with 
hydroxypropylmethylcellulose (trade name: 
Metolose 60SH-400, available from The Shin-etsu 
Chemical Co., Ltd.) in a coating amount of 200 mg 
per tablet by means of a press-coating machine 
(Correct 18H UK-DC Type, made by Kikusui 
Seisakusho Ltd.) to obtain a press-coated tablet 



having a diameter of 9 mm and a weight of 270 
mg. 

Then, the obtained press-coated tablet was 
spray-coated with a 8 w/w % coating solution of 

5 hydroxypropylmethylcellulose acetate succinate 
(trade name: HPMCAS-M, available from The Shin- 
etsu Chemical Co., Ltd.) and triethyl citrate (the 
mixing ratio, 10:1) dissolved in 80 w/w % ethanol, 
in a coating amount of 30 mg per tablet by means 

io of a fluidized bed coating apparatus (MODEL HCT^ 
MINI HICOATER, made by Freund Ind. Co., Ltd.) to 
obtain a pharmaceutical preparation of the present 
invention. 

With respect to thus obtained pharmaceutical 
is preparation of the present invention, a dissolution 
test was carried out with the second fluid of the 
test in JPXII under the same conditions in Example 
1. In the second fluid, the medicinal active ingre- 
dient was quickly released after the lag-time of 
20 about 4 hours. 

Experimental Example 1 

With respect to the pharmaceutical preparation 

25 obtained in Example 1 , after immersing in the first 
fluid of the test in JPXII for a certain time, a 
dissolution test was carried out with the second 
fluid of the test in JPXII (the other conditions were 
the same as in Example 1). The results of the test 

30 are shown in Fig. 2. The dissolution patterns A, B 
and C represent the results of the dissolution test 
with the second fluid using the pharmaceutical 
preparations previously immersed in the first fluid 
for 0, 8 and 16 hours, respectively. As it is clear 

35 from the dissolution patterns of diltiazem hydro- 
chloride, independent on the immersed time in the 
first fluid, each pharmaceutical preparation showed 
almost the same dissolution pattern of which the 
lag-time is about 3 hours in the second fluid. 

40 The above-mentioned results suggest that 
when the pharmaceutical preparation of the present 
invention is orally administered, without being influ- 
enced by the variation of the length of the resi- 
dence time of the pharmaceutical preparation in the 

45 stomach, the eventual release of the medicinal 
active ingredient starts only at about 3 hours after 
reaching the small intestine. 

Experimental Example 2 

50 

Three kinds of the pharmaceutical preparations 
of the present invention were prepared by the 
same way as in Example 1 except that the amount 
per tablet of the mixture of powder of hydrox- 
55 ypropylcellulose (trade name: HPC-L, having a vis- 
cosity of 6 to 10 cps as measured at 20* C in a 2 
% aqueous solution, available from Nippon Soda 
Co., Ltd.) and hydroxypropylcellulose (trade name: 



8 



15 



EP0 671 167 A1 



16 



HPC-M, having a viscosity of 150 to 400 cps as 
measured at 20* C in a 2 % aqueous solution, 
available from Nippon Soda Co., Ltd.) (the mixing 
ratio, 9:1) was changed to 200 mg, 160 mg and 
140 mg, respectively. With respect to these phar- s 
maceutical preparations, dissolution tests were car- 
ried out with the second fluid of the test in JPXII 
(the other conditions were the same as in Example 
1). The results are shown in Fig. 3. The phar- 
maceutical preparations A, B and C represent the w 
obtained pharmaceutical preparations wherein the 
amount of the press-coated layer per tablet is 200 
mg, 160 mg and 140 mg, respectively. All phar- 
maceutical preparations A, B and C showed unique 
pulsatile dissolution patterns. The lag-times in each 75 
pharmaceutical preparation were about 3 hours, 
about 2 hours and about 1 hour, respectively. That 
is, the amount of the press-coated layer of these 
pharmaceutical preparations was lesser, the lag- 
time was shorter. 20 

These results suggest that when these three 
kinds of the pharmaceutical preparations having 
different amounts of the press-coated layer are 
orally administered, the release of the medicinal 
active ingredient can start at a different site in the 25 
intestine, individually. 

In addition to the ingredients used in the Exam- 
ples, other ingredients can be used in the Exam- 
ples as set forth in the specification to obtain 
substantially the same results. 30 

Claims 

1. A pharmaceutical preparation for oral admin- 
istration comprising 35 

(a) a core containing a medicinal active in- 
gredient, 

(b) a press-coated layer comprising a pH- 
independently water-soluble polymer, said 
layer being provided around the core and ao 

(c) a film comprising an enteric polymer, 
said film being provided around the press- 
coated layer. 

2. The pharmaceutical preparation of Claim 1, 45 
wherein the press-coated layer (b) is capable 
of suppressing release of a medicinal active 
ingredient until the pharmaceutical preparation 
reaches near a targeted site in the intestinal 
tract. 



the second fluid of the test, when the dissolu- 
tion test is carried out. 

4. The pharmaceutical preparation of Claim 1, 2 
or 3 wherein a coating amount of the film (c) is 
5 to 50 % by weight based on a total weight of 
the core (a) and the press-coated layer (b), 
and a coating amount of the press-coated layer 
(b) is 150 to 600 % by weight based on a 
weight of the core (a). 

5. The pharmaceutical preparation of any one of 
Claims 1 to 4 wherein the pH-independently 
water-soluble polymer is one or more kinds of 
substances selected from the group consisting 
of hydroxypropylcellulose, hydroxyethylcel- 
lulose, hydroxypropylmethylcellulose and pul- 
lulan. 

6. The pharmaceutical preparation of Claim 5 
wherein the pH-independently water-soluble 
polymer is a mixture of two kinds of hydrox- 
ypropylcellu loses having a viscosity of 6 to 10 
cps and a viscosity of 150 to 400 cps, respec- 
tively, as measured in a 2 % aqueous solution 
at 20 *C. in a mixing ratio of 9:1 to 1:9 by 
weight. 

7. The pharmaceutical preparation of any one of 
Claims 1 to 6, wherein the enteric polymer is 
carboxymethylethylcellulose, hydroxypropyl- 
methylcellulose phthalate, hydroxypropyl- 
methylcellulose acetate succinate or poly- 
(methacrylic acid, methyl methacrylate). 



50 



55 



3. The pharmaceutical preparation of Claims 1 or 
2 wherein release of a medicinal active ingre- 
dient is substantially suppressed for at least 10 
hours in the first fluid of a dissolution test 
according to Japanese Pharmacopoeia XII and 
the release of the medicinal active ingredient is 
substantially suppressed for at least 2 hours in 
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IMMERSED TIME IN FIRST FLUID 
A 0 hr 
B 8 hrs 
C 16 hrs 
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FIG. 3 
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PHARMACEUTICAL AMOUNT OF 

PREPARATION PRESS - COATED 

LAYER 

A 200 mg /tablet 

B 160 mg / tablet 

C 140 mg / tablet 
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